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(54) MEASURING METHOD AND DEVICE FOR THERMAL CONSTANT USING LASER 
FLASH METHOD 

(57)Abstract: . 

PURPOSE: To accurately and efficiently determine 
the thermal constants of an unknown layer in a multi- 
layer material by comparing the temperature 
response on the back face side obtained when a 
laser flash is radiated from the surface side of the 
multi- layer material and the theoretical temperature 
response including thermal diffusivity, specific heat, 
and Biot number as variables. 
CONSTITUTION: The temperature response on the 
back face side obtained when a laser pulse is 
radiated from the surface of a multi-layer material 
containing one layer having unknown thermal 
diffusivity (a) and specific heat (c) is fed to a 
computer. It is compared with the theoretical 

temperature response F(a, c, h, t) or F'(a, c, h, p) including the thermal diffusivity a, specific 
heat (c), and Biot number (h) of the surface and back face of an unknown layer in the 
material set from documentary records as variables and calculated as a function of the 
time (t) or Laplace variable (p) of the temperature response. The thermal diffusivity a, 
specific heat (c), and Biot number (h) are set when the deviation R between the functions 
E(t) and E'(p) using the time (t) and variable (p) of the actual temperature response as 
variables becomes the minimum deviation Rm, then the thermal constants such as the 
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* NOTICES * 

Japan. Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The measuring method of a heat constant using the laser flash method characterized 
by comparing the temperature response by the side of the rear face where a thermal diffusivity 
and the specific heat are obtained from the front-face side of the.multilayer material 
containing a strange monostromatic by irradiating a laser flash plate with the theoretical 
temperature response which contains a thermal diffusivity, the specific heat, and the number - 
of Biot as a variable, and asking for the aforementioned thermal diffusivity, the specific heat, 
and the number of Biot. 

[Claim 2] Another side is set to C for either the aforementioned thermal diffusivity, the 
specific heat and the number of Biot, being set A and remaining one side as B. The 1st 
process which sets up the initial value of Above A and B, asks for C which makes the 
minimum deflection of the rear-face temperature response of the aforementioned multilayer 
material, and a theoretical temperature response, and sets up this deflection as initial value of 
minimum deviation, The 2nd process which sets up A and B with the aforementioned new 
multilayer material near A and B which give minimum deviation, The 3rd process which asks 
for C and deflection from which deflection with the theoretical temperature response of the 
aforementioned multilayer material and a rear-face temperature response serves as the 
minimum from A~and B of the aforementioned multilayer material, The aforementioned 
deflection is compared with minimum deviation, when the aforementioned deflection is larger 
than minimum deviation When the 3rd process is repeated from the 2nd process and the 
aforementioned deflection turns into below minimum deviation The measuring method of a 
heat constant using the laser flash method according to claim 1 which has the 4th process 
which outputs a thermal diffusivity, the specific heat, and the number of Biot when minimum 
deviation reaches near [ the ] the minimal value by newly setting up this deflection as 
minimum deviation, and repeating the 3rd process-from the 2nd process. 
[Claim 3] The measuring method of a heat constant using the laser flash method according to 
claim 1 characterized by providing the following. The 1st process which sets up each initial 
value of a thermal diffusivity, the specific heat, and the number of Biot, asks for the deflection 
of a theoretical temperature response and rear-face temperature response including each of 
this initial value, and makes this thermal diffusivity, the specific heat, the number of Biot, and 
deflection a setting thermal diffusivity, the setting specific heat, the number of setting Biot, 
and setting deflection, respectively. The 2nd process which sets to A either the thermal 
diffusivity by which a setup was carried out [ aforementioned ], and the specific heat, sets 
remaining one side to B, and sets up new A near the above A. the calculation process which 
asks for A by which a setup was canied out [ aforementioned ], and B which makes the 
minimum deflection of the theoretical temperature response and the temperature response 
containing the number of setting Biot -- B » asking - this - A and B - the number of Biot - 
updating - the new number of setting Biot - setting - this - the 3rd process which repeats 
this calculation process and defines a thermal diffusivity, the specific heat, and the number of 
Biot until it reaches near the deflection minimal value in the state where of A Whether this 



deflection reached near the minimal value by asking for the deflection of the theoretical 
temperature response and temperature response containing the aforementioned thermal 
diffusivity, the specific heat, and the number of Biot, and the 4th process which judges, and 
outputs the thermal diffusivity, the specific heat, and the number of Biot in the time [ process / 
3rd / from the 2nd process of the above to ] when deflection reaches near / the / the minimal 
value when having not reached. 

[Claim 4] The measuring device of the heat constant of the aforementioned multilayer 
material using the laser flash method which compares the temperature response by the side of 
the rear face where the thermal diffusivity and the specific heat which are characterized by 
providing the following are obtained from the front-face side of the multilayer material 
containing a strange monostromatic by irradiating a laser flash plate with the theoretical 
temperature response which contains a thermal diffusivity, the specific heat, and the number 
of Biot as a variable, and asks for the aforementioned thermal diffusivity, the specific heat, 
and the number of Biot. The 1st operation means which sets A and remaining one side to B, 
sets another side to C for either the aforementioned thermal diffusivity, the specific heat and 
the number of Biot, sets up the initial value of Above A and B, asks for C which makes the 
minimum deflection of the temperature response and theoretical temperature response in the 
rear face of the aforementioned multilayer material, and sets up this deflection as initial value 
of minimum deviation. 1st calculation which sets up A and B with the aforementioned new 
multilayer material near A and B which give minimum deviation. From A and B of the 
aforementioned multilayer material, perform 2nd calculation which asks for C and deflection 
from which deflection with the theoretical temperature response of the aforementioned 
multilayer material and a rear-face temperature response serves as the minimum, and the 
aforementioned deflection is compared with minimum deviation. The 2nd operation means 
which newly sets up this deflection as minimum deviation when the aforementioned 
deflection is larger than minimum deviation, the above 1st and the 2nd calculation are 
repeated and the aforementioned deflection turns into below minimum deviation. The 3rd 
operation means which outputs a thermal diffusivity, the specific heat, and the number of Biot 
when it judged, and having not reached, and it repeats the above 1st and the 2nd calculation 
and a minimum deviation value reaches near [ the ] the minimal value, whether this minimum 
deviation reached near the minimal value, and. 

[Claim 5] The measuring device of the heat constant of the aforementioned multilayer 
material using the laser flash method which compares the temperature response by the side of 
the rear face where the thermal diffusivity and the specific heat which are characterized by 
providing the following are obtained from the front-face side of the multilayer material 
containing a strange monostromatic by irradiating a laser flash plate with the theoretical 
temperature response which contains a thermal diffusivity, the specific heat, and the number 
of Biot as a variable, and asks for the aforementioned thermal diffusivity, the specific heat, 
and the number of Biot. The 1st operation means which sets up each initial value of a thermal 
diffusivity, the specific heat, and the number of Biot, asks for the deflection of a theoretical 
temperature response and rear-face temperature response including each of this initial value, 
and makes this thermal diffusivity, the specific heat, the number of Biot, and deflection a 
setting thermal diffusivity, the setting specific heat, the number of setting Biot, and setting 
deflection, respectively. The 2nd operation means which sets to A eitherthe thermal 
diffusivity by which a setup was carried out [ aforementioned ], and the specific heat, sets 
remaining one side to B, and sets up new A near the above A. the thermal diffusivity and the 
specific heat which calculate the A set up by the operation means of the above 2nd, and the B 
which make the minimum the deflection of the theoretical temperature response and the rear- 
face temperature response containing the number of setting Biot, and are obtained by the 
calculation result - the number of Biot -- updating -- the new number of setting Biot « setting 
- this - the 3rd operation means which repeats the aforementioned calculation and defines a 



therm al diffusivity, the specific ^^^^^^ 
this deflection reached near to nun ^^^^oimm«g the thermal diffusivity 
temperature response and rear-face emperatu ^J^SS^^, the num ber of Biot, 
obtained by the operation means of ^^^^ de ' fl ection called for from the 
and the 4th operation means to judge, When the ^emennone 

operation means of the above 4th h* . not reached n^ax the number of 

operation means which outputs the £ Jta. the smaller minimal value is 



value. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] ; c whiv nrecise and relates to the measuring method of 

Industrial Application] this invention is foghl ' JJ^^^ntae hea t constants, such as a 

[Sp^ 

measuring method of the specific heat a toe flash m ^ ^ ^ ^ 

quickly, compared ^^^J^^S measured value is obtained to a large 

temperature response characteristic formula when an 

[0003] It is described by «*™2^^5£^bWt can calculate the 
unsteady heat flow rate is in the interior ot the i °™ coordinate variables and 

solution to, when a thermal ^^ZltZ^onZ,. The thermal diffusivity 
temperature and alpha set up initial condmon nd b°undary ^ ^ c 

alpha in this formula is defined by d P^^* ' cwacity «r unit volume 

are specific heat at constant pressure, density £d the at constant presS ure 

(henceforth the specific heat), thermal conductivity 

and density of a measurement sample are known, ,t ^ ^ fa ^ 
kappa of a sample using a thermal ^.^^^^pt wh ich asks for the strange 
to multilayer material in recent year , and although s compllca ted, the 

thermal diffusivity in »^ ™ c £ error being accumulated by 

material is described. fh( »rmal diffusivity in a laser flash method is 

[0004] The agreement with the measured- 

searched for as a thing which makes a theore ucai s s theoretical temperature 

value data of measurement sample rear-fac e t em P e ^' "Lension equation of heat 
response T of the rear-face temperature of the «^>^*^ the Lal diffusivity 
conduction If Biot several h which is a parameter n ™™ lhe fic heat c , 

alpha which is an unknown in the monostromat^ i mu HI P ^ 
an P d beat loss £ assume ^-^"S^ * <— 
become? S? 5pha! h. 0- However, in order to ask for the aforementioned 



unknowns alpha and h on the conditions which make the aforementioned theoretical 
temperature response F (alpha, c, h, t) agree to the pattern by actual rear-face temperature 
response E (t) The implicit function which contains a trigonometric function and an 
exponential function in a formula is contained, and since actual numerical calculation 
becomes very difficult, simplification technique is taken in calculation by limiting the data 
generally used for calculation using approximate value about a specific variable only to the 
data in a specific field etc. ** half-value value attainment time tl/2 as shown below as the 
analysis method of the thermal diffusivity by such laser flash method now The method, ** 
area method, the method of measuring the temperature rise of a measurement sample as the 
analysis method of ** specific heat, and asking for the specific heat, etc. are learned. 
[0005] ** Half-value value attainment chronometricmethod half-value value attainment time 
tl/2 It is an initial temperature value to the highest rise temperature Tm on the temperature 
response curve in the rear face of material. It is the time taken for temperature to rise to a half 
value. And it is the highest rise temperature Tm on a temperature response curve. Half-value 
value attainment time tl/2 until temperature rises to a half value Thermal diffusivity alpha 0 
according to half-value value chronometric method by alphaO =1.36975L2 / (pi2 and tl/2) 
formula materialized when it assumes that it uses and there is no heat loss It calculates. Here, 
L is the thickness of a measurement sample. The aforementioned highest rise temperature Tm 
It extrapolates and asks for the. decay curve after a temperature standup at pulse irradiation 
time. Subsequently, the relief coefficient k of this decay curve (inverse number of the time 
constant tau of a decay curve), and aforementioned aforementioned half-value value 
attainment timer tl / 2 Thermal diffusivity alpha 0 ask for the heat loss correction factor K by 
the product, and according to the aforementioned half- value value attainment time to this heat 
loss correction factor K It asks for the thermal diffusivity alpha amended having applied. 
[0006] ** By calculating the deflection R of the average temperature in the specific section 
field set as the area-method temperature response, and the average temperature called for 
from a theoretical formula It is the method of asking for a thermal diffusivity alpha, the decay 
curve of the temperature response after a temperature standup is extrapolated at laser pulse 
irradiation time, and it is the highest rise temperature Tm. It canies out. The aforementioned 
deflection R is written for Biot several h as a function of a thermal diffusivity alpha using the 
time constant tau of this decay curve, and, subsequently it is the method of calculating a 
thermal diffusivity alpha by the conditional expression R= 0 about this deflection R. 
[0007] ** The following procedures perform the method of computing the specific heat of 
this measurement sample by irradiating the laser flash plate of a constant rate at a 
measurement sample, and measuring temperature rise value deltaT of a measurement sample. 

(a) Irradiate a laser pulse and measure absorbed-energy Q, after sticking a glassy-carbon 
board on the board (a sapphire board etc. is usually used) of specific heat known by silicone 
grease in the measurement room temperature of absorbed-energy Q. Absorbed-energy Q is 
expressed with a lower formula for each weight and specific heat from the measured value of 
temperature rise value deltaT as known. 

Q=(M1 C1+M2 C2+M3 C3) -deltaT - here - Ml, M2, and M3 respectively - a glassy 
carbon, silicone grease, and the weight of sapphire - it is - CI, C2, and C3 They are a glassy 
carbon, silicone grease, and the specific heat of sapphire, respectively. 

(b) the sample specific heat measurement in a room temperature - irradiate a laser pulse like 
(a) which next sticks a glassy-carbon board on*a sample by silicone grease in a room 
temperature, and measure temperature rise value deltaT Supposing the emissivity of a glassy 
carbon is equal, an absorbed energy will become equal and the following formula will be 
materialized. 

Q=(M1 C1+M2 C2+Ms CsO) -deltaT - here - Ms The weight of a sample and CsO are the 
specific heat of the sample under a room temperature. Therefore, the specific heat Cs 0 under 
the room temperature of a sample is given by the following formula using Q for which it 



asked by (a). ,,„ r n,,i« at the soecific-heat-measurement sample simple 

The temperature rise [ma diate alase , (c) hot samp l e) and ] value deltaTO 

u^r^ 

a sample is given by the WltaTl laser pulse is small, matenal 

SSU to be Solved by the the 

implicated in case an ^XZ^l ^t^ heat when asking for the 
thermal diffusivity in said lase fla * nwftod. an P ^ since ft is 

strange thermal diffusivity or the strange » ™ ca y lculation error is 

carrying out for monolayer material, the ^^ ^^ and it bec0 mes it is remarkable 
accumulated and a calculation ^^^^^^ in drawing . temperature 
and difficult to calculate a ^Xfo^ZT^'CLg the inien^tribution of a ■ 
response E by the side of a ^^^^taSiatfag this laser pulse from the front- 
laser pulse like Q (t) as a funct on of T^e t and irra g ^ 
face side of multilayer matena^l. Drawing^ is h cross s ^ 
which consists rf^^^i^X"-^ is an unkn ° Wn ' 

written as T=F (alpha, c, h, t), and can alcula ^ de^ct^ ^ rf ^ 

response T and the temperature re pon E by giv ng tt § of ft pf 

and h which are a heat-charactenstic value r^SSSo^Km- E is so high that the 
the theoretical ^^J^l^S^ST^ value of alpha, c, and h which are 
aforementioned deflect. * 'F^^S^tbaO^ (alpha, C h) with temperature 
set up at this time becomes high That is dene ^ & numenc value 

response E (t) is [ the F (alpha ch t ^^^^^ from (alpha', h\ C). However, 
with a high precision from F (alpha, c M>™*™ T=F ( J ha> c> h> t) in multilayer 
since the formula of theoretical ^^^^^^^ value of such 
material becomes complicated, it is very aiin ? u 

deflection strictly with a m f^^^l^Ztr & tc of ** is irradiated at a measurement 
[0010] Moreover, the laser flash plate of he on» fic hgat of 

sample, and there are the following ^^^ZJ^ of a measurement 
this measurement sample by measunng temperature rise 

^Although it is the conditions of measurement that a pulse energy does not change by 

EEe^^ 

, f „ !,„ f. YP H this guarantee does not exist, eunci. 

energy needs to be fixed this f *™ rf j is neede d, measure with a 

(c) Since the absolute value of 1***^"**^ with adhes ives in the case of ceram.cs 



since a quick response being required of measurement of a thermal diffusivity and the 
absolute value of temperature are unnecessary, it is measured by the radiation thermometer 
and, in measurement of the specific heat, it is required for the absolute value of temperature to 
measure with a required hatchet thermocouple. Therefore, when asking for thermal 
conductivity, you have to measure twice. 

[001 1] this invention was made in view of such a situation, can determine heat constants, such 
as a strange thermal diffusivity in the monostromatic in multilayer material, and the specific 
heat, and aims efficient with high precision at offering the measuring method of the heat 
constant using the laser flash method with moreover being influenced [ little ] by the 
environmental condition of measurement, and its equipment. 
[0012] 

[Means for Solving the Problem] The measuring method of a heat constant using the laser 
flash method according to claim 1 in alignment with the aforementioned purpose compares 
the temperature response by the side of the rear face where a thermal diffusivity and the 
specific heat are obtained from the front-face side of the multilayer material containing a 
. strange monostromatic by irradiating a laser flash plate with the theoretical temperature 
response which contains a thermal diffusivity, the specific heat, and the number of Biot as a 
variable, and it is constituted so that it may ask for the aforementioned thermal diffusivity, the 
specific heat, and the number of Biot. 

[0013] The measuring method of a heat constant using the laser flash method according to 
claim 2 In the measuring method of a heat constant using the laser flash method according to 
claim 1 Anotherside is set to C for either the aforementioned thermal diffusivity, the specific 
heat and the number of Biot, being set A and remaining one side as B. The 1st process which 
sets up the initial value of Above A and B, asks for C which makes the minimum deflection of 
the temperature response and theoretical temperature response in the rear face of the 
aforementioned multilayer material, and sets up this deflection as initial value of minimum 
deviation, The 2nd process which sets up A and B with the aforementioned new multilayer 
material near A and B which give minimum deviation, The 3rd process which asks for C and 
deflection from which deflection with the theoretical temperature response of the 
aforementioned multilayer material and a rear-face temperature response serves as the 
minimum from A and B of the aforementioned multilayer material, The aforementioned 
deflection is compared with minimum deviation, when the aforementioned deflection is larger 
than minimum deviation When the 3rd process is repeated from the 2nd process and the 
aforementioned deflection turns into below minimum deviation While newly setting up this 
deflection as minimum deviation and repeating the 3rd process from the 2nd process, when 
minimum deviation reaches near [ the ] the minimal value, it is constituted so that it may have 
the 4th process which outputs a thermal diffusivity, the specific heat, and the number of Biot. 
[0014] The measuring method of a heat constant using the laser flash method according to 
claim 3 In the measuring method of a heat constant using the laser flash method according to 
claim 1 Set up each initial value of a thermal diffusivity, the specific heat, and the number of 
Biot, and it asks for the deflection of a theoretical temperature response and rear-face 
temperature response including each of this initial value. The 1st process which makes this 
thermal diffusivity, the specific heat, the number of Biot, and deflection a setting thermal 
diffusivity, the setting specific heat, the number of setting Biot, and setting deflection, 
respectively, Remaining one side is set to B, being set either the thermal diffusivity by which 
a setup was carried out [ aforementioned ], and the specific heat as A. The 2nd process which 
sets up new A near the above A, and A by which a setup was carried out [ aforementioned ], 
And it asks for B according to the calculation process which asks for B which makes the 
minimum deflection of the theoretical temperature response and rear-face temperature 
response containing the number of setting Biot. this thermal diffusivity and the specific heat - 
the number of Biot - updating - the new number of setting Biot - setting - this - with the 



Success wh W ^^ 

specific heat, and the ^^l^^SZ theoretical temperature response and 
state where A was ^^J^^^Lnnd diffusivity, the specific heat, and 
temperature response containing the aforenienuo ^ deviatiQn 

the number of B.ot. It is consnmted » Aat it m^ha^ft ^ 
reached near the minimal value an 1 the 4* P* ^ judged and reached and 

^Tnemeasu^^ 

claim 4 The temperature response b the sul ot the r ^ ^ a 

the specific heat are obtained from the ^^"f™^ theoret f cal temperature response 
strange monostromatic by irradiating a laser number of Biot as a variable is 

which contains a thermal diffusivity J^^^SS diffusivity, the specific 
compared. Are the ^™*^^£^rtoy« material us ing the laser flash 
heat, and the heat constant of the af0 ^ e " uonc " f . 1 1 c for eit her the 

method which asks for the number of B.£. ^^^^ of Bio t, being set A and 
aforementioned^ 

remaining one side as B. The isl °P erdU HP flection of the temperature response and 
and B, asks for C which "^^^^^ti™ed multilayer material 
theoretical temperature response in the rear Tac or tn calculation which 

and sets up this deflection as initial v^e of nn« ^aho , ^ R whjch give 

sets up A and B with me -^^^^SSSnultilayer material, perform 2nd 
minimum deviation, From A andB of the at ™™ def]ect ion with the theoretical 
calculation which asks for C and defleehorr faj^f and a rear . face temperature 

temperature response of the "^S^SSSSUtian is compared with 
response serves as the minimum and ^ is larger than minimum deviation, 

minimum deviation. When the af orement iwLationed deflection turns 
the above 1st and the 2nd <?^Z Z^o^n means and this minimum deviation 
into below minimum deviation Whether the una op value> 
which newly sets up this deflection as m» devt^on ea ^ 
a nd when it judged, and having not |^ 1 the 01111111131 ^ 11 

i^T^^^ 

claim 5 The temperature response bj >*£*£%™ he multilayer material containing a 
the specific heat are obtained from the ^^"^f ^ theor J ca l temperature response 
strange monostromatic by irradiating a laser ^^J^ nwtber of Riot as a variable is 
which contains a thermal diffusivity J^^^S diffusivity, the specific 
compared. It is the measuring device of the materjal using the | aS er flash 

heat'and the heat constant of the of a thermal diffusivity, 

method which asks for the «^f*^J*££^ deflection of a theoretical 
the specific heat, and **«^%^ sponse including each of this initial value, 
temperature response and ^^^T" 0 f Biot, and the 1st operation means 

This thermal diffusivity, the specific ^ • ^."^Xe setting specific heat, the number of 
that makes deflection a setting thermal diffusi ^' * e side is set t0 B , being set 

setting Biot, and setting deflection respe ^*^™ n j£ { aforem entioned ]. and the 
either the thermal diffusivity by which a 2 ™ efl l sets up new A near the above 
specific heat as A. A set up by the JJJ^^JSte ^minimum deflection of 
A, and the operation means ot the aDove _nu, <u 



the theoretical temperature response and rear-face temperature response containing the 
number of setting Biot are calculated. Update the number of Biot with the thermafdiffusivity 
and the specific heat which are obtained by the calculation result, and the new number of 
setting Biot is defined, this -- with the 3rd operation means which repeats the aforementioned 
calculation and defines a thermal diffusivity, the specific heat, and the number of Biot until it 
reaches near the deflection minimal value in the state where A was fixed Whether this 
deflection reached near the minimal value by asking for the deflection of the theoretical 
temperature response and temperature responsecontaining the thermal diffusivity obtained by 
the operation means of the above 3rd, the specific heat, and the number of Biot, and the 4th 
operation means to judge, When the aforementioned deflection called for from the operation 
means of the above 4th has not reached near [ the ] the minimal value When new A set up in 
the direction which gives the smaller minimal value is inputted into the operation means of 
the above 2nd and it reaches near [ the ] the minimal value, it is constituted so that it may 
have the 5th operation means which outputs the thermal diffusivity, the specific heat, and the 
number of Biot in the time. 

[0017] the logarithm which took total of the square of the order square deflection which is 

total of the square both difference, the reverse square deflection which took total of the square 

of the difference of each inverse number,' and the difference of each logarithm as deflection of 

a theoretical temperature response and a rear-face temperature response here -'it is applicable 

about square deflection and the deflection which consists of those combination Moreover, a 

Laplace transform can be performed to each measurement data and theoretical temperature 

response data, and data processing can be performed, or it can also calculate with live data. A 

difference and difference shall mean the so-called absolute value of a difference. Moreover, a 

specific. allowed value, a specific reference value, and a permissible-level value are decision 

values for updating deflection etc., and are a value suitably set up according to the limit where 

the calculation error to need is permitted, respectively. The time of the aforementioned 

deflection reaching near [ the ] the minimal value means the state of stopping within the limits . 

of the permissible-level value as which the difference before and behind updating is specified 

beforehand, even if it repeats updating calculation of deflection 
[0018] 

[Function] The theoretical temperature response T on the rear face of a sample by single 
dimension equation of heat conduction can be strictly expressed as a function of Time t or the 
Laplace variable p as T=F (alpha, c, h, t) or T=F (alpha, c, h, p), if Biot several h which is a 
parameter in connection with the heat loss in the front rear face of the thermal diffusivity 
alpha in the monostromatic in multilayer material, the specific heat c, and multilayer material 
is set up, respectively. In the measuring method of a heat constant using the laser flash 
method according to claim 1 to 3 Deflection R with' function E (t) which makes a variable 
time t of the theoretical temperature response F (alpha, c, h, t) or F (alpha, c, h, p), and the 
temperature response actually obtained, or function [ which makes the Laplace variable p a 
variable ] E' (p) is made into an index. It is minimum deviation Rm about thermal-diffusivity 
alpha and Biot severalh and the specific heat c. By setting up serially near the value to give, it 
is minimum deviation Rm. The true value of Biot severalh for which it updates and asks, the 
specific heat c, and a thermal diffusivity alpha can be acquired. 

[0019] In the measuring method of a heat constant using the laser flash method according to 
claim 2, another side is set to C for either the aforementioned thermal diffusivity, the specific 
heat and the number of Biot, being set A and remaining one side as B. The value of A and B 
more than a lot is set up near A and B which give minimum deviation. When it asks for C and 
deflection which make deflection the minimum to the combination of A and B, respectively, 
A and B are updated in the direction which compares minimum deviation and gives one by ' 
one more small minimum deviation and minimum deviation reaches near [ the ] the minimal 
value Since a thermal diffusivity, the specific heat, and the number of Biot are outputted, a 



desired value can be calcufared correctly and rjuicUy Z^£X£^*> 
case where A, the number of Biot, and a merraa. o jr = towing 4 , 

SfflS — hear c which is fine *• 

(alpha, c, h, .) or F (alpha, c h, p and « ^ ^'"^ mintaom square den=c,ion R 
of actual temperature J **™kB equation with one unknown of the form 

Ithfo! this mo. alpha precisely by f^SSESE^^ £^ •« "» 
method. Thus, it is the initial value of alpha 0 an *?r 0 alpha 0, cO, and hO) of 

mif-Z, the group (ci and hi) of a new 

actual temperature «P^^ (t >^JSta^ty alpha from which it is obtained at this tune, 
deflection R in the value of the thermal ^nusiw* as ^ 

„ cannes our and fte^S TcSX -« «- ~ * is ^ ~ 

Mtnimum value Rm When larger than me aforem »* '= ,J, lhe 

returns to S-3 when smaller than the per™ is alpha, desired c, and 

the speciftc heat in the direction which compares the size of * ««'°" as » che! the 
deflection. The movement magnitude of thts spec * h «' s specific heat to 

deflection ^^^^^^S^^ti by this procedure, 
the one number of Biot, a thermal airiusivuy, auu . f ** and **. ** 

Change the set point of fite of Biot, and move 

Compare fine size of the ^^^^^on^^^^ 
the number of Biot in the dtreciton which „tves srrai minimal value. The 

of this number of Biot is made small as « I„, ,hc specific 

^dl^^ 

^nS^^ 



setting interval deltaX of the number of Biot, and the specific heat in this case. 
[0023] in addition - as the judgment of S-7 - in addition, a thermal diffusivity, the specific 
heat, and Biot - a number of it is -- one of the deflection Xi ** - carrying out - the 
value in the time - Xm ** - it may carry out and you may judge on the conditions with 
which |(Xi-Xm)/Xm|<epsilon or |Xi-Xm |<epsilon is filled 

[0024] In the measuring method of a heat constant using the laser flash method according to 
claim 3, either a thermal diffusivity and the specific heat can be set up first. The case where 
set the specific heat as below previously and it is asked for a heat constant is explained. Since 
the number of Biot is updated based on the relational expression which becomes settled with 
this specific heat and the value of the thermal diffusivity which gives minimum deviation 
after setting up the new specific heat near the specific heat which gives minimum deviation, 
the desired value of alpha, c, and h can be calculated correctly and quickly by making the 
specific heat c into a variable. This measurement procedure is explained in full detail below 
according to the flow view shown in drawing 5 . First, it is cO and alpha 0 as each initial value 
of the specific heat c in the strange monostromatic in multilayer material, and a thermal 
diffusivity alpha. With reference to a reference value etc., it sets suitably (S-l). It is tl/2 in 
case there is no radiation loss about a thermal diffusivity. You may ask using a relation with 
an average thermal diffusivity. Subsequently, Biot several h initial value hO The time constant 
taii obtained from a temperature response curve, and half-value value attainment time tl/2 It 
calculates from relational-expression hO =f (t l/2tau) using a value (S-2), and let each 
aforementioned initial value be the setting specific heat, a setting thermal diffusivity, and the ' 
number of setting Biot, respectively. The 1st process is completed by S-l and S-2 above. This 
initializing method is not limited only to a measuring method according to claim 3. Then, the 
specific heat ci new near the aforementioned setting specific heat It sets up (S-3) and the 2nd 
process is ended. And the above S-2 and the value (ci and hO) set up by S-3 are substituted for 
F (alpha, c, h, p) obtained by carrying out the Laplace transform of the theoretical 
temperature response F (alpha, c, h, t) or this. It asks by making into delta R/delta alpha= 0 
the value of actual temperature response E (t) or alpha which makes deflection R with F (p) 
the minimum, and is alphai about this. It cairies out (S-4). 

[0025] ci by which a setup was carried out [ aforementioned ] in S-5, and alphai The number 
hi of Biot updated by the hi =g (alphai and ci) formula using the value It obtains (S-5). Here, 
it is hi. Updating is calculable based on the following formulas. 

cav= (sigma (rhoj and Cpj-delta lj))/ln alphaav=ln/(sigma (deltalj/(rhoj and Cpj-alpha j))) (- 
cav) 

betaO i=ln/(sqrt (alpha av-tau)) 

hi =beta0i- (sinbetaOi) (-l-(tanbetaOi)-l) 

However, rhoj and Cpj-delta lj, and In It shall be the density in the j-th layer, specific heat at 
constant pressure, the thickness of the j-th layer, and the thickness of all layers, and cav shall 
express the total of each item whose average of the heat capacity per unit volume of 
multilayer material and alphaav attach the average thermal diffusivity of multilayer material, 
and sigma by the n-th layer which is the last layer from the 1st layer, respectively, next, each 
value (a thermal diffusivity and the number of Biot -) acquired by the above S-4 and S-5 The 
above S-4 and S-5 are repeated until it judges by comparing the difference of either of the 
deflection, and each already set-up set point, or a ratio with each value of the difference based 
on a permissible-level-value (S-6) and satisfies a criteria. Finally the group of a desired heat 
constant (a thermal diffusivity, the number of Biot, specific heat) is obtained, and the 3rd 
process is finished here. The thermal diffusivity used by S-6 is the whole containing the 
thermal diffusivity of an unknown layer, or an unknown layer, or an average thermal 
diffusivity of some layers. 

[0026] It asks for the deflection of the theoretical temperature response and temperature 
response containing the aforementioned thermal diffusivity, the specific heat, and the number 



of Biot in S-7. A ratio or difference with this specific heat or this deflection and the . 
aforementioned setting specific heat, difference with setting deflection and the setting specific 
heat, and setting deflection is calculated (S-8). when this ratio or difference is larger than a 
specific allowed value All procedures are finished, while outputting the thermal diffusivity, 
the specific heat, and the number of Biot in the time (S-9) and completing the 4th process, 
when it returns to S-3 and the aforementioned ratio or difference becomes below a specific 
allowed value [ 7 / S-/ from S-3 to ]. 

[0(P7] The example of the setting method of the specific heat in S-3 is shown below, first, 
change of the specific heat set point asks for the number of Biot, a thermal diffusivity, and 
deflection for every specific heat. The size of this deflection is compared and the following 
specific heat is set up in the direction which gives small deflection. The variation of this 
specific heat is made small as it approaches the deflection minimal value. It is also possible to 
carry out the multi-statement of the specific heat in the above-mentioned procedure. In this 
case, setting interval deltac of the specific heat is made small as the deflection minimal value 

is approached. • 
[0(P8] In addition, in addition to this for the judgment of S-8, you may judge on the 
conditions with which |(Xi-Xm)/Xm |<epsilon or |Xi-Xm |<epsilon is filled by setting one of a 
thermal diffusivity and the numbers of Biot to X. Moreover, in carrying out the multi- 
statement of the specific heat in S-3, it asks for a thermal diffusivity, the number of Biot, and 
deflection from each specific heat by S-4, S-5, and S-6, the specific heat which gives the 
minimum deflection out of this is chosen in S-7, and it performs the same judgment m S-8. In 
not satisfying conditions, it carries out the multi -statement of the new specific heat m the 
direction which gives the smaller deflection at S-3. 

[0029] In the measuring device of a heat constant using the laser flash method according to 
claim 4 Another side is set to C for either the aforementioned thermal diffusivity, the specific 
heat and the number of Biot, being set A and remaining one side as B. The 1st operation 
means which sets up the initial value of A and B, asks for C which makes the minimum 
deflection of the temperature response and theoretical temperature response m the rear face of 
multilayer material, and sets up this deflection as initial value of minimum deviation, The 1st 
calculation which sets up A and B with the aforementioned new multilayer material near A 
and B which give minimum deviation, From A and B of the aforementioned multilayer 
material, perform 2nd calculation which asks for C and deflection from which deflection with 
the theoretical temperature response of the aforementioned multilayer matenal and a rear-face 
temperature response serves as the minimum, and the aforementioned deflection is compared 
with minimum deviation. When the aforementioned deflection is larger than minimum 
deviation the above 1st and the 2nd calculation are repeated and the aforementioned 
deflection turns into below minimum deviation Whether the 2nd operation means and this 
minimum deviation which newly sets up this deflection as minimum deviation reached near 
the minimal value, and when it judged, and having not reached, and it repeats the above 1st 
and the 2nd calculation and a minimum deviation value reaches near [ the ] the minimal value 
Since it has the 3rd operation means which outputs a thermal diffusivity, the specific heat, and 
the number of Biot Deflection R with the time function F of a theoretical temperature 
response (alpha, c, h, t), certain F[ which it is and is this Laplace-transform form ] ' (alpha, c, 
h, p), temperature response E (t) actually obtained, or E' (p) is made into an index. It is 
minimum deviation Rm about A and B. It sets up serially near the value to give and is 
minimum deviation Rm. It can update and the true value of the strange number of Biot, the 
specific heat, and a thermal diffusivity can be calculated by composition of a simple 
calculation means, and aforementioned the 1- the 3rd operation means consists of a computer 
constituted so that an actual operation might be performed according to the program set up 
beforehand 

[0030] In the measuring device of a heat constant using the laser flash method according to 



claim 5 Set up each initial value of a thermal diffusivity, the specific heat, and the number of 
Biot, and it asks for the deflection of a theoretical temperature response and rear-face " 
temperature response including each of this initial value. This thermal diffusivity, the specific 
heat, the number of Biot, and the 1st operation means that makes deflection a setting thermal 
diffusivity, the setting specific heat, the number of setting Biot, and setting deflection, 
respectively, Remaining one side is set to B, being set either the thermal diffusivity by which 
a setup was carried out [ aforementioned ], and the specific heat as A. A set up by the 2nd 
operation means which sets up new A near the above A, and the operation means of the above 
2nd, and B which makes the minimum deflection of the theoretical temperature response and 
temperature response containing the number of setting Biot are calculated. Update the number 
of Biot with the thermal diffusivity and the specific heat which are obtained by the calculation 
result, and the new number of setting Biot is defined, this with the 3rd operation means 
which repeats the aforementioned calculation and defines a thermal diffusivity, the specific 
heat, and the number of Biot until it reaches near the deflection minimal value in the state 
where A was fixed Whether this deflection reached near the minimal value by asking for the 
deflection of the theoretical temperature response and rear-face temperature response 
containing the thermal diffusivity obtained by the operation means of the above 3rd, the 
specific heat, and the number of Biot, and the 4th operation means to judge, When the 
aforementioned deflection called for from the operation means of the above 4th has not 
reached near [ the ] the minimal value Since it has the 5th operation means which outputs the 
thermal diffusivity, the specific heat, and the number of Biot in the time when new A set up in 
the direction which gives, the smaller minimal value is inputted into the operation means of 
the above 2nd and it reaches near [ the ] the minimal value the number of Biot updates based 
on a thermal diffusivity and the specific heat - having - the time function F of a theoretical 
temperature response (alpha -) Deflection R with c, h, t, certain F[ which it is and is this 
Laplace-transform form ] ' (alpha, c, h, p) and temperature response E (t) actually obtained, or 
F (p) is made into an index. It is minimum deviation Rm about the specific heat c. It sets up 
serially near the value to give and is minimum deviation Rm. It can update and the true value 
of the strange number of Biot, the specific heat, and a thermal diffusivity can be calculated by 
the repeat of a simple operation calculation means. 
[0031] 

[Example] Then, referring to the appended drawing, it explains per [ which materialized this 
invention ] example, and an understanding of this invention is presented. The block diagram 
of the laser flash plate equipment which applied the measuring method of a heat constant 
using the laser flash method which drawing 1 requires for one example of this invention here, 
Explanatory drawing of the measuring method of a heat constant with which drawing 2 used 
the laser flash method, explanatory drawing of the laser flash method with which drawing 3 
uses multilayer material, The flow view of the direct method in the measuring method of a 
heat constant with which drawing 4 used the laser flash method, The flow view of the time 
constant method of the measuring method of a heat "constant drawing 5 used the laser flash 
method, Drawing showing the calculation error of a time constant method when drawing 6 
changes the thickness of the strange layer in the multilayer material which consists of three 
layers, The flow view of the direct method in the measuring method of a heat constant with 
which drawing 7 used the laser flash method, and drawing 8 are drawings showing the 
calculation error of the direct method at the time of changing the thickness of the strange layer 
in the multilayer material which consists of three layers. 

[0032] First, the measuring device of heat constants, such as a thermal diffusivity using the 
laser flash method concerning the example of this invention shown in drawing 1 , the specific 
heat, and the number of Biot, is explained. This is equipment which measures the strange heat 
constant in the monostromatic contained in this multilayer material 10 by making a 
measurement sample into the multilayer material 10 using a laser pulse generator. By 



generattng of .he pulse of an ar^y ^^-SSSS the 
according to the range of the physical-property «u » t o at y 

analysts method of . hear -"^^^^mSa spedfic field. The 
calculation or can a)» rats .now h «»ra^ d ^ ^ 

prepared between this multilayer "^ ^"^ middle of the optical path 
Moreover, it is also poss.ble ^J^^^S^ from the aforementioned 
of a laser beam to measure pulse « h ^~^25L^oii equipment are downloaded to a 
temperature measurement equipment J as P a thermal diffusivity, the 

computer, data is performed, and the whole 

^VSS2«* Heat cH-tenstics^^ 

Lterial- 10, or the specific heat, usmg a .to* fl sh ^Ji^S 10 is calculated, f (t) 
=u^ 

as follows. . . , , . . , / as w hat the multilayer material 10 

[0035] First, thermal-diffusmty alpha! [ in / ^ " W ^ rity rhoi , and thickness 
Lomes from n layers ]. i It is expressed, 

deltali It sets. Therefore of the i-th layer and a ** (i + D layer 

Moreover, thickness Li from a front face t0 ™ bou ™ J, f h conducti on in the i-th 
Li =deltaLl + deltaL2 + ... ^^^3^3^-2 de ta2 Ti/(x t) deltax2. It is 
layer in a laminar composite is delt Ti/(x ^^f^^ condition is shoW n by Ti =(Li, 
written and initial condition is Ti =(x t 0. Moreo respectively. 
t)Ti + l CUOandki-deltaT^ 

Therefore, the Laplace vanable is set to p by P««™"» a p d , 2 = (p / alp hai), and Ti (x 
aforementioned equation of heat conduc J« "^^^ p ) Ti + 1 (U p) and ki- 

p) Moreover, ^^ v ^^^^^ViL the setof equation of heat 
delta Ti/(Li, p) deltax=ki+l and deltaTi+1/ (U W« multil materia i 

^X^P^^ 

S^X. -uhon of elation of Jft^iSKT 
above , is given by Ti =(x p) At exp n - JSS— And they are the integration 
(p/alphai) and they are At and Bt. It an tntegrar condu|OI1 
; constant Ai of the ternperature Al+1 of dte temperature formula of 

of the i-th layer and a ** 0+D layer. mie 0 rdu relation. It is Gi and i+l 

a - (i+l) layer, and Bi+1 A formula 1 can be of the lst layer 

here. It is the matnx expressed w,t a J^^^^Se relation expressed with 
temperature and the ^^^^J^L^ of the heat input in a front face 
a formula 3. Same analysis is performed " sin <f ™ response Ts in the n-th layer, i.e., 

and a rear face, and heat dissipat-on ^fflSTZ I Expressed by relational- 
sample rear-face temperature, is given (th ermal-diffusivity alphai, 

-Tnfh^ 



front face of the number of Biot and the value hi by the side of a rear face are assumed to be 
equals.) h=hO =hl ) " 
[0037] 
[Equation 1] 
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[0038] The procedure of. asking for the thermal diffusivity alpha with which are satisfied of 
the equation hereafter obtained by zero and Lycium chinense using the aforementioned 



-SSL A - Se ta x [ alpha 1 wh,ch fills delta RAW. >= 0, U., a ttamal ftffiwny. 

SSl expression with the whole thermal conductivity lambda xs matenahzed m 

Lore teal solution of rear-face temperature can be a PP r0Xim ^ ed ? b ^ 

exp(-aO and t) integralexp(aO and t') f(f) df formula, here - AO =2beta02/(beta0, + 2 M-M. 

and aO =beta02 and alpha/L 2 it is . 

[0042] 

[Equation 2] 
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[0043] Therefore, when the logarithm of temperature response data is plotted to time and it 
asks for a time constant tau from the inclination, a time constant tau is aO. It can be considered 
that it is equal to the inverse number. That is, it is tau=l/a0 =L2/(beta02andalpha), and 
tau=l/a0 =L2/(beta02 and alphaav) is obtained as alpha av=alpha as that in which this relation 
is materialized also to average thermal-diffusivity alphaav of the multilayer material 10. 
[0044] the case of monolayer material characteristic value betan about — tan(betan) =2 h- 



SSS^S spcciflc L c in ft. flayer materia, 10, i, becomes 
U.e t «ffli>« "P Bi« ^^^^SL which show below ft. 

directly three vanables (a thermal ainusivny «uy , f method of reaching the 

fo, and, into the ^^^^^^jSU^ 

delta RAfelu Q= 0, and eliminated Q is us^as t deflect, ton. 

(b) Q which can be found by d= » JWW-Q^ f^td^td ^ ° hto 

^e variable i— J^^^^^i-* 
Q which can be found taMUk mo|ecu|e port , 0 „, 

^SE2^ » *< r c r nt method) * procedure 

X measuring method in a rime constant of average Iherma , 



asks. 
** 

** 



Tm from the center-of-gravity position of a laser pulse heat input curve. Time to go up to half 
temperature is found, and initial value alphaav of an average thermal diffusivity is calculated 
from this value. Or the specific heat of a heat constant unknown layer and a thermal 
diffusivity may be set up, and the initial value of average thermal-diffusivity alphaav of 
multilayer material may be calculated based on it. Here, the mean specific heat cav in 
multilayer material and average thermal-diffusivity alphaav are given by the following 
formulas. 

cav= (sigmarhoi Ci deltali)/ln alphaav=ln/(sigmadeltali/(rhoi Ci alphai)) (-cav) 
However, deltali is the thickness (it is =li-li-l and the whole multilayer material thickness In 
is In =sigmadeltali.) of the i-th layer in the multilayer material which consists of n layers. 
[0049] ** Ask for a time constant tau from attenuation of measurement sample temperature in 
the time domain in which the approximation only by the first term of the time space 
theoretical solution of the sample rear-face temperature at the time of time passing enough 
and assuming that it is monolayer material after calculation laser pulse heat input of a time 
constant tau is materialized. 

** The number initial value hO of Biot Initial value hO of a characteristic value formula to 
calculation average thermal-diffusivity alphaav, a time constant tau, and the number of Biot It 
°~ks. 

: Set up two or more specific heat to a specific heat initializing heat constant unknown layer. 
Update the thermal diffusivity of a heat constant unknown layer by Newton's method using 
the square deflection R of the theoretical temperature response of the rear face of the 
multilayer material 10, and measurement temperature for which it asked using the laser pulse 
to the specific heat of thermal-diffusivity calculation plurality of the heat constant unknown 
layer by Newton's method. The average thermal diffusivity and the number of Biot of the 
multilayer material 10 are updated using the updated thermal diffusivity. And it calculates 
repeatedly using these values, and it calculates repeatedly until delta alpha/alpha becomes 
sufficiently small. 

[0050] ** Calculate square deflection by the specific heat c calculated in the judgment of the 
minimum value of the square deflection R, and the reconfiguration aforementioned ** of two 
or more specific heat, the thermal diffusivity alpha, and Biot several h, and ask for the specific 
heat which gives the minimum value. The specific heat is reconfigured near the specific heat 
which gives the minimum value until ratio deltac/c with the intervals delta c and c of the 
specific heat which carried out the multi -statement becomes sufficiently small, and this is 
repeated and performed. Although the multi-statement of the specific heat c was carried out 
and it asked for the thermal diffusivity alpha corresponding to it by Newton's method in the 
above-mentioned procedure, you may exchange a thermal diffusivity alpha with the specific 
heat c. That is, it is good also as a method of carrying out the multi-statement of the thermal 
diffusivity alpha, and asking for the specific heat c corresponding to it by Newton's method. 
In this case, since it becomes an algebraic equation about the specific heat c, it is good also as 
a method of asking for the root analytically. 

[005 1 ] Drawing 6 is as a result of [ at the time of changing the thickness of the strange layer 
in the multilayer material 10 which consists of three layers for which it asked by the 
describing,/ above / time constant method ] calculation, (a) shows the example in case the heat 
constant strange to the 2nd layer whose (b) is an interlayer about the case where the heat 
constant with the 3rd strange layer of the lowest layer is included is included, clear from this 
drawing - as - (a) and (b) - it turns out that a calculation error, i.e., a measurement error, can 
be dedicated in general at **1% or less of range in the case of which 
[0052] (Measuring method of the heat constant by the direct method) A direct analysis 
method applies the least-squares method and Newton's method which were mentioned above 
about the deflection R written by the thermal diffusivity alpha, the specific heat c, and three ' 
Biot several h independent variables, and it asks for the thermal diffusivity alpha which fills 



the minimum value of deflection R, the specific heat c, and Biot several h. Two examples of 

^^f^-P - or more numbers of Biot simultaneously accord.ng to 

direct-method 1 drawing 7 , and obtaining a desired heat constant is explained below. 

** Initial value cO of the specific heat It sets up (S-l). 

** Carry out the multi-statement of the number of Biot (S-2). 

** It is the minimum value Rj of the square deflect.on R to each number of BIO. It asks tor 
the ^"vity alpha lo give and the specific heat c in the following procedure^ 
il To eTch of the specific heat by which -1 multi-statement ^^^^^ 
sauares method and Newton's method, and it is the minimum value Rj of deflection R. It asks 
J 1 1 twn2 1 rfiffusivitv to *ive (S-4). (S-3) Or the method of asking for the specific heat 
^SS^-Xt^ of the thermal diffusivity in S-3, and makes deflection R 

l h * e C ™m P Tth S e for which it aslced from class doubling of the -2 specific heat and 

a theSiffusivity, and it is the minimum value Rj. The specific heat to give is chosen (S- 

** Setup two or more new specific heat in the direction which makes deflection R smaller 
near 1 sprcific heat which gave the -3 minimum value (S-3), and repeat from alpha 
and c when deltac/c becomes sufficiently small ask. 

$054] ** The minimal value Rj of deflection R It asks for the number of Biot to give in the 

S£2 cTmbtadon of the thermal diffusivity for which it asked by -1 each number of 
BIO and process **, and the specific heat, ask for deflection R and it is- the mmtmum value 
Ri of deflection R. The number of Biot to give is chosen (S-7). ^ 
** The -2 minimum value Ri The multi-statement of the new ^fJ^^T 
the direction which makes deflection R smaller near the given number of Biot (S-2), and 

carried out. h, alpha, and c when deltahm becomes «" 
** The value hm of the aforementioned request, alpham, and cm It outputs. (S-9) 
In tie procedure of calculating the minimal value of the above ^^nl^^tZ 
of Biot the specific heat, and a thermal diffusivity are equivalent independent variables, even 
if to exchange variables, they are materialized similarly. For example, it is good also as a 
m efcod o askTngTr the thermal diffusivity which sets the number of two or more Biot as the 
Z * th 5 set up r*o or more specific heat, and gives the minimal value. Moreover it is 
^^^S^S^La diffusivity, the specific heat, and the number of Biot which 
P I the n^n t, ? va ue of deflection R also by Newton's method to two or more vanaWes. 
m^^thTsDedfic heat c which is the unknown in the multilayer material 10 as shown in the 
Tec metho Snntag at drawine 3 which boils further and can be set, and Biot several 
^ setting each ini^aluTcO and hO It is set as the point (cO and hO) on a h-c 

2? SublSute for the theoretical temperature response F ^^^^ 0 *■ 
each initial value (cO and hO) set up above. It asks by making into del a R/del udpha 0 
value of the theoretical temperature response F containing Unknown alpha (alpha, cO hO, U. 
" F (alpha cO hO S and actual temperature response E (t), and alpha that makes deflection R 

m056 E l' ^aIZZZc^^ methods, such as a least-squares method which 

diffusivity alpha obtained at *his time R0 It carries out and the : group ^0 alpha 0 cO, 
of these initial value is set up as a group (Rm, alpham, cm, and hm) of the temporary 

^7e V group.(cl and hi) of a new value as the neighborhood of a point on the 2- 



dimensional flat surface displayed by group (cm and hm) = (cO and hO) of the minimum 
value. For a setup of this new point, operation of specifying the inside of the periphery within 
the criteria radius set up beforehand by the random number method can also be calculated and 
processed on a computer by making the point on the aforementioned 2-dimensional flat 
surface into the central point. Moreover, precision is raised by reducing this criteria radius 
gradually. Furthermore, it is also possible to set up two or more new updating values in the 
direction in which deflection or the difference of a heat constant updated becomes small using 
the group of two or more already set-up heat constants. 

[0057] ** The above cl and hi A value is substituted for the theoretical temperature response 
F (alpha, c, h, t) and F' (alpha, c, h, p). It asks by making into delta R/delta alpha= 0 the value 
of alpha from which the deflection R with the theoretical temperature response F containing 
Unknown alpha (alpha, cl, hi, t), F (alpha, cl, hi, p) and actual temperature response E (t), 
and E' (p) serves as the minimum. It is the value of alpha 1 and deflection R about the value 
of the thermal diffusivity alpha from which it is obtained at this time Rl It carries out and 
these groups (Rl, alphal, hi, and cl) are defined. 

** Next, Rm (=R0) and Rl which have already been set up as the minimum value It compares, 
and is Rl. Rm In being large, it reconfigures a group [ being new (c2 and h2) ] near [ said ] 
group (cm and hm) = (cO and hO) of the minimum value. Rl Rm case it is small - Rm =R1 ** 
— carrying out — the minimum value Rm It updates. 

** and the permissible-level value epsilon set up beforehand — the minimum value Rm 
repeating the above operation until it becomes small - the minimum value Rm It is made to 
decrease gradually, and when the minimum value Rm becomes smaller than the permissible- 
level value epsilon, it outputs as alpha, c, and h of a request of the group (Rm, alpham, cm, 
and hm) of the minimum value. In addition, the above operation is performed by carrying out 
data processing of the data of the temperature response obtained by computer which inputted 
the program of the above-mentioned operating procedure using a laser flash method. , 
[0058] Drawing 8 is as a result of [ at the time of changing the thickness of the strange layer 
of the multilayer material 10 which consists of three layers for which it asked according to the 
above-mentioned direct method 2 ] calculation, (a) shows the case where (b) includes-an 
example in case the heat constant strange to the 2nd layer which is an interlayer is included 
for the heat constant with the 3rd strange layer of the lowest layer, clear from this drawing — 
as — (a) and (b) — it turns out that the range of the accuracy of measurement by which a 
calculation error, i.e., a measurement error, is generally needed in the case of which is 
fulfilled 

[0059] As mentioned above, although the example of this invention was explained, all of 
change of conditions which this invention is not limited to these examples and does not 
deviate from a summary are the scopes of this invention. For example, in this example, 
although the case where carried out the Laplace transform of the data of a theoretical 
temperature response and a temperature response, and they were processed was explained, 
you may process in the usual time space, moreover, the order square deflection from which 
the feature differs if needed in the deflection of the theoretical temperature response and 
temperature response which are applied to this invention, reverse square deflection, and a 
logarithm,-- square deflection etc. is employable Furthermore, it is considered that three 
variables, the thermal diffusivity which is the unknown contained in the formula of the 
deflection of a theoretical temperature response and a temperature response, the specific heat, 
and the number of Biot, are right within the limits of this invention similarly when using each 
mathematically the relational expression which exchanged each variable arbitrarily in 
relational expression .which was explained in the above-mentioned example, since it is an 
equivalent variable. 
[0060] 

[Effect of the Invention] Can set to a laser flash method according to claim 1 to 5, and it sets 



to themeasunngmethodofaheat — ^J^^^lK^^^ 
theoretical temperature response ^*^a ttom ^ . $ ^ whlle 

and Biot several h, and »^^J^V^ X updates She value of an unknown 
being able to determine the value of the unknown wmc p g re onse 

efficiently serially and fills the *™^££S£^ of. temperature response is 
asymptotically with high degree of ^J^™ ^ constan t in multilayer material based 
not needed like before, but it can ask ^S^ponie. Furthermore, it is minimum 
on the measurement data of a "^^g™ using deflection of a theoretical 
deviation Rm about Biot severalh and the specm ne , o Since u gets 

temperature response and the .^^.^^£2 Updated, the true value of the 
up serially near the value to give md : — ^ diffus P lvi t y can be calculated by 

according to claim 2 .t can ask for deflecuon K ^ ^ value rf alpha) c d h can 

the specific heat, and the minimal value of this deflection, 

be calculated correctly and quickly, as what ^ ^ 

Furthermore, in the measuring mediod of a hetf«MW g ^ ^ on 
according to claim 3, since the initial ^ u ^*™ and the value of half-value 
relation between the ^^^^^1^^ beforehand near the true value and 

^/Xe^setstojem 

method according to claim 4. It is ^^^^ response and the temperature 
specific heat c, using deflection R of a near the va iue to give. Minimum • 

response actually obtained as an indent et ^f f^ number of Biot, the specific 

deviation Rm Since it can update and **^™Zw°™*<* a sim P le CalCUlati ° n ^ 
heat, and a thermal diffusivity an b kntowlby P usi the radiation thermometer 
It is rare to be able to measure to a ^^^^nced by the environmental condition 
which can measure sample temperature and* ^J^. y & ^ 

of measurement, without not measunng absolute temper ^ ^ flash method 

Furthermore, it sets to the mea ™ devje a hea^ ^ ^ 

according to claim 5. Since the ^^^^ response and the temperature 
the specific heat, deflection R 0 ^^^f is minimum deviation Rm about a thermal 

calculation means, a calculation error can be decreased. 
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Biot number (h), specific heat (c), and thermal diffusivity a of the unknown layer can be 
obtained. 
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